Introduction: Quality measures for colonoscopy such as adenoma detection rate (ADR) have been proposed to be surveilled for ensuring minimum standards. However, its direct measurement is time consuming and often neglected. Extrapolating ADR and other quality measures from polyp detection rate (PDR) can be a pragmatic alternative. Objective: To determine quotients for estimating ADR and sessile serrated adenoma/polyp detection rate (SSA/P-DR) from PDR in an Australian cohort. Methods: Consecutive adult patient colonoscopies during a 1-year period were retrospectively assessed in a single Australian tertiary endoscopy center. Adenoma detection quotient (ADQ) and SSA/P detection quotient (SSA/P-DQ) were defined as the division of ADR and SSA/P-DR by PDR, respectively. The primary outcome was the number of procedures to achieve a stable cumulative ADQ and SSA/P-DQ. Secondary outcomes included evaluation of ADQ and SSA/P-DQ in different subsets. Results: In total, 2,657 colonoscopies were performed by 15 endoscopists in 2016. The ADR, SSA/P-DR, and PDR found were 32.2, 6.7, and 47.3%, respectively. The ADQ and SSA/P-DQ values found were 0.68 and 0.14, respectively. After approximately 500 procedures, both ADQ and SSA/P-DQ became stable. Interclass correlation coefficient (ICC) for the prediction of ADR from ADQ was excellent for all endoscopists that performed > 177 procedures in that year (ICC 0.84). Conclusions: ADQ and SSA/P-DQ values were consistent when over 500 procedures were analyzed. ADQ had an excellent correlation with ADR when > 177 procedures per endoscopist were evaluated.
Introduction
Colorectal cancer (CRC) ranks second in cancer deaths and third in incidence among all cancers in Australia. In 2018, there were approximately 17,000 new cases and 4,100 deaths due to CRC in the country [1] . According to the World Health Organization, a similar trend can be found throughout the world where CRC sits behind breast, prostate, and lung for incidence and behind lung and breast for mortality [2] . It is well known that CRC arises from either adenomas, SSA/polyps (SSA/Ps), or traditional serrated adenomas (TSAs) [3, 4] . Screening colonoscopy and subsequent removal of premalignant colorectal lesions (CLs) have been shown to prevent CRC [5] [6] [7] [8] . As colonoscopy has become a standard procedure, quality measures have been investigated to monitor its efficacy. The adenoma detection rate (ADR) is defined as the number of patients with at least one adenoma divided by the number of screening colonoscopies is one of the most important quality measures. It has been shown that higher ADR is associated with lower mortality from CRC [9] . Currently, the Gastroenterological Society of Australia recommends an ADR of at least 25% [10] . In addition to monitoring adenomatous lesions, the focus has also shifted recently to serrated lesions. SSA/Ps have been shown to contribute to up to 30% of CRCs, albeit having a much lower prevalence [11] . The serrated pathway has a higher risk for the development of CRC than the traditional adenoma-carcinoma pathway [12] [13] [14] . This may also be due to the difficulty in its detection or the misdiagnosis either during colonoscopy or pathological evaluation [15] [16] [17] . It may hence be useful to calculate an SSA/polyp detection rate (SSA/P-DR) in addition to the ADR.
Although calculating both the ADR and SSA/P-DR makes intuitive sense and could and perhaps should be used as a measure of quality, both measures have not been used widely possibly due to the additional effort required (tracking histology of every single polyp removed). Some studies have proposed the use of a quotient based on the polyp detection rate (PDR) to promptly predict the ADR, negating the need to track the final histology [18] [19] [20] [21] . If consistent, the adoption of quotient values could enable swift calculation of ADR and SSA/P-DR for endoscopists and regulatory bodies, allowing for an effective performance evaluation tool. This study was designed to calculate and evaluate the stability of adenoma detection quotient (ADQ) and SSA/polyp detection quotient (SSA/P-DQ) over the period of one year.
Materials and Methods
Consecutive patients undergoing a colonoscopy at a tertiary Australian endoscopy center for any indication over a 12-month period were included (January to December 2016). This period was chosen based on the average number of colonoscopy procedures per year (∼2,500), which was a similar number to the numbers from a similar American study [20] . An existing electronic database was interrogated, and all procedures labeled as "colonoscopy" were initially retrieved. Then, the final procedural reports were identified and separated into positive colonoscopies (i.e., with at least one CL found) and negative colonoscopies (i.e., no CL found). Procedures initially labeled as colonoscopies and found to be flexisigmoidoscopies or ileoscopies in the procedure reports were excluded. All colonoscopies were performed or supervised by a Gastroenterologist or Surgeon accredited for performing colonoscopies by the Conjoint Committee for Recognition of Training in Gastrointestinal Endoscopy. Pathology reports were collected using a patient clinical information database. The colonoscopes used for the procedures were from the Olympus ® 180 and 190 series. The "split" bowel preparation method was used for bowel preparation (i.e., 1 L of polyethylene glycol on the previous day and 1 L on the day of the procedure). As the bowel cleanliness status was expected to affect in a similar way all polyp detection metrics (i.e., PDR, ADR and SSA/P-DR), poor bowel preparation was recorded but not used as inclusion/exclusion criteria.
Individual consent was waived by the Northern Adelaide Local Health Network human research Ethics Committee (HREC/16/TQEH/283) due to the retrospective nature of the study. Data on indication, bowel preparation, age, gender, polyp histology, and location of the polyp within the colon was retrieved.
The primary outcome was to analyze the cumulative ADQ and SSA/P-DQ within the 1-year period to determine at what point the value became consistent (i.e., within 1 SD). Secondary outcomes included the comparison of predicted ADR and SSA/P-DR with the actual ADR and SSA/P-DR and the evaluation of ADQ and SSA/P-DQ for screening and specialty subsets.
ADR, SSA/P-DR, and PDR were defined as the proportion of colonoscopies with at least one adenoma, SSA/P and polyp, respectively. ADR and SSA/P-DR were based on both colonoscopy findings and histology report while PDR comprised of colonoscopy findings alone. ADQ and SSA/P-DQ were defined as the division of ADR and SSA/P-DR, respectively, by PDR.
The χ 2 test was used for comparison of 2 proportions (for difference in detection rates between the first and last semesters) and the t test for comparison of means (for difference in quotients between the first and last trimesters). p value was considered significant when < 0.05. Interclass correlation coefficient (ICC) was calculated with average measures and consistency of agreement through STATA software ( © Copyright 1996-2019 StataCorp LLC); and interpreted according to Cicchetti et al. [22] (up to 0.40 = poor correlation; 0.40-0.59 = fair correlation; 0.60-0.74 = good correlation; and 0.75-1.00 = excellent correlation). LGD, low-grade dysplasia; HGD, high-grade dysplasia; SSA/Ps, sessile serrated adenoma/polyps; TSA, traditional serrated adenomas. 
Results
In total, 2,498 patients underwent 2,657 colonoscopies between January and December 2016. These procedures were performed by 9 gastroenterologists and 6 surgeons from a tertiary Australian endoscopy center. About 49.8% were males, and the mean age of the entire cohort was 58.6 years (SD 14.6). The bowel preparation for the whole cohort was excellent or good in 63.3%, average or fair in 28.3%, and poor or inadequate in 8.0%. In 9 procedures (0.3%), information on the bowel cleanliness state was not available. About 47.5% of the cohort was over 60 years of age. The mean diameter of the 2,843 polyps detected was 7 mm (SD 7.7). Detailed histology can be found in Table 1 .
For the entire cohort, the ADR, SSA/P-DR, and PDR were 32.2, 6.7, and 47.3%, respectively. The difference in ADR, SSA/P-DR and PDR between the first and last semester was not statistically significant. The ADQ and SSA/P-DQ for the whole period was 0.68 and 0.14. This was not statistically different from when the ADQ and SSA/P-DQ were analyzed separately for the first and last trimesters and compared ( Table 2) .
The mean ADQ varied from 0.56 to 0.77 throughout the year for all indications and was similar between Gastroenterologists and Surgeons (0.69 and 0.66, respectively). SSA/P-DQ varied from 0.06 to 0.23 with similar pattern. The SD was 0.03 for both quotients.
Looking at cumulative curves, it was observed that the ADQ stabilized after the 2nd month for the whole cohort and after the 5th month for both subsets (gastroenterologists and surgeons, Fig. 1 ). The number of procedures necessary to reach stability for the full cohort was between 300 and 500, depending on the subsets analyzed. SSA/P-DQ also reached stability within the first 5 months (Fig. 2) ; with < 500 procedures. Using the same ADQ and SSA/P-DQ, the subanalysis of screening dataset reached stability at a later timeframe but with similar total number of procedures (onlline suppl. Fig. 1 and 2 ; for all online suppl. material, see www.karger.com/doi/10.1159/000505622).
In order to evaluate the internal validity of our quotients, individual PDR, ADR, and SSA/P-DR were calculated. As no individual endoscopist was able to reach 500 colonoscopies during 2016, we have used all endoscopists that surpassed the average number of procedures for that year (i.e., 177 colonoscopies). Six endoscopists reached this mark, 4 gastroenterologists (endoscopists 1-4) and 2 surgeons (endoscopists 5 and 6). The mean of procedures per endoscopist was 292 in this subset. For these endoscopists, the ADQ and SSA/P-DQ were calculated and lead to a maximum variability of 5% between predicted and actual ADR and of 3% between predicted and actual SSA/P-DR (Table 3 ). For endoscopists that did not reach these numbers (mean number of procedures = 101), the variation between predicted and actual ADR was 14% and between predicted and actual SSA/P-DR was 7% (online suppl. Table 2 ). For the first group, there was an excellent correlation between actual and predicted ADR (ICC 0.84) but a poor correlation between actual and predicted SSA/P-DR (ICC 0.04). However, when looking at only Gastroenterologists, this correlation was excellent (ICC 0.83). As no single endoscopist had done > 100 screening colonoscopies in 2016, the pooled ADR and SSA/P-DR was analyzed for the screening subset. This showed excellent and good correlation between predicted and actual detection rates. The ICC for screening colonoscopies was 0.98 for ADR and 0.67 for SSA/P-DR (Table 4 ).
Discussion/Conclusion
One of the major quality measures presently proposed for monitoring endoscopists' performance is the ADR. Serrated polyps are an important precursor of CRC and hence another metric, the sessile SSA/P-DR, has been proposed. In order to track these metrics, a post-colonoscopy pathology assessment is required. This is time consuming and has been one of the main deterrent factors for widespread use of ADR and SSA/P-DR. The possibility of extrapolating the ADR and SSA/P-DR from a simple metric (PDR) could provide a more pragmatic alternative. Currently, no consensus values exist for the ADQ and the SSA/P-DQ due to potential for variation in different settings. The ADQ found in our study (i.e., 0.68) was consistent with what was found in recent studies from Murchie et al. [21] (i.e., 0.66-0.67) and Elhanafi et al. [20] (i.e., 0.68). This lends support to the use of this quotient in Australia.
In our study, the presence of a polyp in the colonoscopy was used for calculation of the PDR rather than the histology report, what is consonant with the concept of using PDR for predicting ADR. Therefore, even though 8.8% of the detected polyps did not have a histology report (mainly for not being resected due to benign features such as diminutive rectosigmoid HPs), this were still used as positive colonoscopies for calculating PDR. On the other hand, only histologically confirmed adenomas and SSA/Ps were used for calculating ADR and SSA/P-DR, respectively.
To the best of our knowledge, this is the first study describing the SSA/P-DQ. Although the study has shown a consistent internal validity similar to the ADQ, the correlation between predicted and actual SSA/P-DR was excellent only for gastroenterologists. This might be due to the relative lower SSA/P prevalence. Even with only 3% predicted-actual gap, this represented a wide relative variation and led to an important impact on correlation. Further studies are required to validate the usefulness of SSA/P-DQ, bearing in mind the diversity in SSA/P endoscopy and pathology diagnoses.
ADQ and SSA/P-DQ derived from the whole cohort were able to predict ADR and SSA/P-DR for individual endoscopists regardless of their specialty (i.e., Gastroenterology or Surgery). Therefore, the nonstatistically significant difference for the ADQ and SSA/P-DQ of the individual subsets does not seem to affect the use of detection quotients in endoscopy. We hypoth- Pooled screening predicted and actual adenoma and SSA/P-DR esize that this minor difference might be a product of a slightly higher detection of nonneoplastic polyps by the surgeons, or it might be due to random variation.
In a study from Amsterdam on 1,426 screen-naïve participants, the prevalence of HPs, SSA/Ps and TSAs was 23.8, 4.8, and 0.1%, respectively. Of the 1,782 specimens, 41.8% (744) were found to be SPs. Of those, 14.9% (111) were SSA/Ps [23] . These findings did not deviate much from the findings of our cohort where the overall prevalence of SSA/Ps was 12.4%. Among SPs, 57.2% were classified as HPs, 42.2% as SSA/Ps and 0.6% as TSAs. A Korean study found SSA/Ps in 3.1% of 1,375 asymptomatic patients over 50 years of age. The percentage of patients with adenomas was 43.5% [24] . These percentages were expected to be even higher as they evaluated only proximal colon polyps. In another study from the East, only 8.7% of CRCs were associated with the serrated pathway [25] . In addition to the setting, the time when the study is performed also matters. A study at the Mayo Clinic based on data from 2005 to 2007 found only 2.9% of polyps was SSA/Ps [26] . In contrast, another study in the USA found an overall prevalence of 8.1% and a prevalence of 15.8% in the last year of the study -2012 [27] . It appears that the prevalence of SSA/Ps prevalence is higher in more recent studies. This may be a result of increased awareness of the entity and/or due to systematic removal of adenomas in the past, which could lead to a relative increase in SSA/P abundance.
The literature as well as our cohort support the belief of a higher SSA/P prevalence is present in western countries [28] [29] [30] [31] [32] . From the 701 diminutive RS polyps with confirmed tissue on histology, 305 were neoplastic (43.5%). Two hundred and twenty-six were adenomas (2 with high grade dysplasia), 77 SSA/Ps (3 with dysplasia) and 2 TSAs. Among serrated lesions, HPs corresponded to 81.4% of the diminutive polyps in the RS while SSA/Ps represented 18.2% (online suppl. Table 1 ). The SSA/P-DQ would most likely have greater applicability in Western countries. However, it is important to note that this study was designed focusing on detection quotients rather than detection rates. Therefore, the inclusion of patients with different medical backgrounds (e.g., previous CRC, variable family history of CRC and fecal occult blood test positive) warrants a critical view on the reported ADR and SSA/P-DR found.
A limitation of this study is the relatively small number of procedures per individual endoscopist. This is however an actual reflection of procedures performed by a range of endoscopists in a tertiary public hospital in the country. Nevertheless, when looking at endoscopists with > 177 procedures, the prediction was accurate with an actual-predicted gap of at most 5% for ADR and 3% for SSA/P-DQ. A conservative policy could then be used to account for this variability. Future research for validation of these findings in other Australian centers is warranted.
In conclusion, ADQ and SSA/P-DQ values were consistent when over 500 procedures were analyzed. ADQ had an excellent correlation with ADR when > 177 procedures per endoscopist were evaluated. The quotient values proposed for ADQ and SSA/P-DQ could be used for an easier calculation of endoscopists' ADR (0.68 × PDR) and SSA/P-DR (0.14 × PDR), potentially allowing for better evaluation of this important quality measure. As the Australian guidelines recommend that each Endoscopist has an ADR of at least 25%, a minimum PDR of 40% could be used as a surrogate marker. If this is not met, calculation of the actual ADR would be necessary. In addition, after an ideal SSA/P-DR is determined, SSA/P-DQ could then be used to measure this quality indicator.
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